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DEIRLIVATION

C0, ., r fL•PLACI ..'!.'NT

U S ±josoethat the .- e (Figure 1' ic loaded by a radial load. q per-unit-length.
at the cylindric~il shoiC .h rvdius Rs. Further assume that the affect of radial
otra-in, zr,on the radi-: i'.splacfments, w. is small ao that W may be assumed to be
con'.tant acros. the se +.,n. If the radial atreas is also assumed negligible, the
circttisifrcntiai stres.,. to is given by

C- Ew/r (3)

whe re r is the radius -a particular point of the section und E Is Young's
modulhs. Then consi- t *inLg equiliMrium

" .C: s- fa÷,-dA., (4)

S. ProcEeddng with m n~ethod of Wilson we write

Ro÷+a (5)

and

- ,. z

Figuro-1 cOdlng and Nomn.enclatttre of Ring Stiffener
(Frame)
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The integration indicated, in Equation (4) may be performed by integrating
pincewise over tho frame and summing the results. Then if RO is taken as the
"radius to the center of gravity, Ri, of each piece so that fz dA vanishes for each
piece,

qRs L- Ew (A'i/Ri) ( + A r)

where Ai and Ii are the area and moment of. inertia r-espectively of a piece,.

The effective are. ;s defined as

Ao- qR l(Ew). (8)

Since the assumption of constant deflection is arbitrary and generally i /(AiRkJ)4l.
it is neglected and combination of Equations (7) and Jh) yields

If no subdivision of the stiffener is made then Equatlan (9) reduces ýto Equation (2)
with n= 1.

VARYING DISPLACEMENT

The assumption of constant w across the dept• of a stiffener can be eliminated
by application of the classical Lame thick cylinder analysis to the various corn-
ponents of the stiffener. However, for this method the thickness of the frame
flanges and web will be assinied small compý',red to other dimensions and the
effect of the three-diensnic .al stress condition at tl:e junctures will be neglected.

First consider a simple rectangular ring of thickness, t. perpendicular to
the radius, loaded externally by a tansile radial force, qo, per-unit-length at
radius b and internally by tensile radial force, qi. per-unit-length at radius a.
The radial deflections, wb at the outside radius of the ring and %va at the inside
itadiuta of the ring. are given by:

bqo a& (ba -a' Zbaq I)
Wb Et 'a t  

Et(b 1
-a 'I

-lb t aq0  aqi lbg + 0 4 v(bt  t

-I E +-WaEtlb t -a' El LJ bg•'-a' Ii

By replacing a + b by ZRw and (b - a)t by Aw Equations (10) and (11) can be
written

-bq0  baa'qi
Wbs It (bg 4 a2 - ,(b' a') + E w: w (12)

,- .b qo aqi
.bA q. -sl + *al + v(bl .aSj (13)"A"wRw + ZEAwRw '

3



If It i assumed that

~ EM (14)

.. ":,'h dýfini2$ Ai -7j an c/ftctive fl•ange area at r a a, theia -oixnblning Equations
. "12), (13) a:.d (1'*) Vill give

Ž- .bqo a[b al-v(b2 -aAJ+(Aj/t)b4 - az){(I VI
wb. 2 .I R W a + AilV + a' + Y(ba - a'))

From Equations (8) and (15) the effective area at r b is

Ab b f 'AwR2 v a + Ai[bj'V +al +b 'a- a()1"

. .a[b' + as - v(b'- al)] +(Ait)l',- a')l -I1 "

Now letting b = Rw + d and a =w - d. Equation (16) rud•dcea to:

A,,b/Rw) + Ai(b/a)(l + Z,(d/Rw)+(d/Rw~aI
Abi - +(/w'[4'~i- (17)

1 Zv(d/Rw) + (d/Rw)( I + -10 - V1 (Rw/a)(Ai/Aw),

Similarly setting
ba qo

( 18)

the effective area at r 3 a is:

Aaa Aw,,A/Rw) + Ao(a/b)[ I- Z'(d/ w) + (d/Rw1 2

T + avd/Rw) + (d/Rw)l ( I + 4(1 - V,)(nRwlb)(A Aw))

If Ai ;•rd Ao are of the same order of magnitude as Aw and if d/ Rw is sufficiently
smaUl so that (d/Rkw.)

5 
can be neglected compared to 1, then

AbA Aw(Rh/R,.,)3v + Ai(R./R&) f" (-0)

!t .c.n be .shown that within the same accuracy, I.'e. (d/Rw)
3 <KI. Equation (20) Is

equivalent to.

TThis equation is the same as Equation (2) with n 3 14a.,

4



Equatiors (17) and (19) can now be appiled to the internal frame in Figure I
and a. similar external frame respectively rusultina in

AsAw Rs/Rtw) +t A FICRs/RF)) [I P2v(d/Rw) + (d/Rw)iJ
j II2(d/w)+(d/R,)a (1 +1(1 - v1)(R~w/Rizj)(Ara/Aw)j

ArZ(Ro/Rnj)l (22

whore A rz Ii cludes only the outstanding legs of the laying fl-ing. and hence

Rw 1v/Ya(Rs+Rra) (23),

and
d ' I R. Rrt 1 1 (24)

In Equatin (22) and the equations that follow, iii.tipper aigns refer to external
frames and the lower signs refer ro internal frames.

Stting

?d/Re deeth of frame- (25)

RwxR* A d It radius to center of web (Z6)
and

K - AVI/AW. (21)

and assuming a T-section hence

A,& 0.

then

Rw /R ) (28)

and

A 1+K1 a a(29)
2* l4Z?-v' KI

Plots of n in Equ)ation (2) for a T-frame (Ara o 0) as a function of p and x are
presented in Figures 2, 3 and 4. The values of n for Figures 2, 3 and 4 are less
than I +.v for internal frames and greater than I + lv for external frames. Plate
of Equation (29) are presented in Figures S. 6 andI to facilitate computation of A.-

and
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STRESSES

Increasc of the effactive fraue area above the actaal frame area implies a
corrcpzo.ndinhg increase in the average f'ame ýtress. Hence. p.•rticularly for
ji., . nal fra.ms, knowe•v!c,,t of the frame flanoe stress is importa.nt in order to
gua:d aga.a•t prcrnatrc frame failure. Vroin Equatiuns (13) and (.'.) thi-frame
flanjne stre•s,o'i,0 fore an inter'nal T-frame is:

7Ew Rsqs + (30)

Rr ~ -A..R+ A' () + v(R',s-R~)

The mean frame. stresg,4M, is

Riq " (31)

"and the effective frý noa str ss. we, is

" ' . . .• • = R g q , / A e ( U )3 •

from which

&.r/c. -[?A? .p))'/(' - vpvAI -p)
[pAZ -P) P )(- P AI -(p). (33)

"Similarly for external frames

Sr/r* :([ �- P)Iy(I42VP/(/Z + p)

[ + p•),5 [1+ 21 20 -va)(Z. + p)l/I( + p)j (. (34)

Plots of .qtiacions (33) and (34), are presented in Figures 8. 9 and 10. An approx]
maeion similar to that for Equation (21) gives

i(35)
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